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A land cover classification map is necessary for modeling interactions between the land surface and the 
atmosphere, monitoring the environment and estimating food production. In order to classify land cover in 
Asia in 2000, the possibility of using reflectance of near infrared (NIR) and short wave infrared (SWIR) bands 
was examined. In this study, Systeme pour l’Observation de la Terra (SPOT)/ VEGETATION data were used. 
The number of months when the reflectance of the SWIR band is higher than that of the NIR band was counted 
(SWIR > NIR month-count condition) in each pixel, and it was found that pixels with counts of 10 was 
correspondent to“Sparse Herbaceous / Shrub" and of 1 or 12 was to“Bare Areas”， respectively. By way of 
trial, SWIR > NIR month-count condition was applied to land cover mapping with NDVI monthly change data 
1. Introduction 
For global land cover mapping, the normalized difference vegetation index (NDVI) calculated from the 
reflectance of the red and near infrared (NIR) bands of NOAA/ AVHRR data has been used in many previous 
studies. As a result, global land cover dataset was obtained as the International Geosphere-Biosphere 
Programme, Data and Information System (IGBP-DIS) data classified into 17 items (Loveland et al., 2000). 
In comparison with the NOAA / AVHRR sensors, the Systeme pour }'Observation de la Terra (SPOT) / 
VEGETATION (VGT) sensor was designed with a number of improvements for studying the vegetation and land 
surface (Xiao et al., 2002). SPOT/ VGT has four spectral bands, blue (430-470 nm), red (610-680 nm), NIR 
(780-890 nm) and SWIR (1,580-1,750 nm), at the resolution of approximately 1 km (I 0: 112 pixels). There 
are few studies on the use ofNIR and SWIR bands time series data for land cover mapping. The objective is to 
explore the potential of multi-temporal NIR and SWIR bands SPOT / VGT data for land cover mapping in 
Southeast Asia in 2000. In this study the number of months when the reflectance of the SWIR band is higher 
than that of the NIR band was counted (SWIR > NIR month-count condition) in each pixel. And the count 
more than 9 was used for mapping of poor vegetated areas. In this paper this method is explained in detail. 
2. Method 
2.1 Remote sensing data 
In this study, 10-day synthesis of SPOT/ VGT data (VGT-SlO products) of 2000 were downloaded from 
the web site of http://free.vito.vgt.be. Downloaded data contain the NDVI and reflectance of these bands in 
らbitand 16・bitDigital Number (DN) values at the resolution of about 1 km, respectively. To reduce the 
possibilities of cloud contamination as well as to ease the problems of handling large volumes of data, the 
VGT-S 10 product were recomposed into monthly images based on the maximum NDVI value in the month. 
2.2 Relation between NIR, SWIR and water contained in leaves 
In the vegetative area, the reflectance of the NIR band is the highest. The reflectance decreases in the 
order of TM3 (red), 4 (NIR) and 5 (SWIR) (lshiyama et al., 1996). The SWIR band is absorbed by water 
contained in leaves but the NIR band is not (Tucker, 1980). When leaves are dry, the reflectance of the SWIR 
band increases and that of the TM5 becomes approximately equal to that of the TM4 (Knipling, 1970; Fig. 1). 
On the basis of this relationship between the reflectance of SWIR (S) and NIR （乃 bandsand water 
contained in leaves, it is assumed that S < I isalways satisfied in vegetative areas but S > I isnot considered. In 
this study, S > I was examined using SPOT / VGT data. It was assumed that if S > I issatisfied in some parts of 
the area, the land cover in that area is non-or sparsely vegetative. The number of months when S > I is
satisfied (SWIR > NIR month-count condition) was counted in each pixel and the spatial distribution of this 
number was examined. 
3. Method 
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Fig.2 shows the spatial distribution of the S羽TJR> NIR month-count condition. Jn the Fig.2, for a pixel 
not satisfying the conditionラthepixel value is indicated as O throughout al 12 monthsラandwhen it satisfies the 
condition throughout al 12 months, the value is 12. In the Fig.2, close agreement was obtained between the 
spatial distribution of the value 12 and the areas of the deserts, and the value of O and vegetation-rich areas. 
4. Discussion 
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Fig. I. Reflectance and leaf water content (Knipling, 1970) 
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Fig.2. Distribution of SWIR > NIR month-count condition 
Ground truth (GT) sites were collected and the relationship between pixel values in Fig.2 on the GT sites 
was examined. In advance, the 17 items of the GT sites are shown in table 1. 
Ground truth (GT) sites were collected and the relationship between pixel values in Fig.2 on the GT sites was 
examined. In advance, the 17 items of the GT sites are shown in table 1. 
4.1. Land cover items 
Recently, Food and Agricultural Organization (FAQ) created Land Cover Classification System (LCCS) for 
mapping exercises independent of map scale and map use (FAO, 2000). Land cover items in table 1 are 
according to the Sato and Tateishi Land Cover Guideline (ST-LCG) legend (Sato and Tateishi, 2002), created by 
the LCCS. The LCCS only provides仕ameworkto identify the land cover, and when legend is required, it is 
necessary to create it by the LCCS. It is difficuit to add new items to the conventional legends such as the SiB 
and IGBP-DIS legends because of lack of criteria for the addition. In this sense, The LCCS is useful to make 
the land cover legend that is easily co町espondentto the other legends created by the LCCS. Comparative 
tables in detail between ST-LCG legend and IGBP-DIS legend, refer to Sato and Tateishi (2002). 
4.2. Ground truth collection 
GT sites were gathered for China, Japan, Mongolia, and around Lake Baikal in Russia by three methods: 
field surveys, reference to a world atlas and domestic maps, and consultation with people familiar with the 
on-site current situation. The methods were used either separately or together to gather the GT sites. GT sites 
were plotted on the 60・classunsupervised classification result performed on 12-month VGT聞SIONDVI data. 
Next, GT sites were manually or automatically delineated. In the automatic delineation, three by three pixel 
squares of GT sites were automatically generated. As a result, the area of each GT site was at least 9 pixels 
(approx. 3 km by 3 km). 
Each GT site has a monthly NDVI curve for 2000. When the GT site is classified as Bare Areas or 
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Broadleaf Evergreen Forest, the curve maintains low or high values through the year, respectively. The curve 
for each GT site was examined, and GT sites that have appropriate NDVI curve for their own classification were 
finally selected. In table 1, the number of GT sites and total pixel counts are shown. 
Table 1. Land cover items in this studi and GT. A: The number of GT sites; B: Pixel counts. 
Code and land cover item Ground truth IGBP-DIS code 
A B 
1. Broadleaf Evergreen Forest 4 105 2 
2. Broadleaf Deciduous Forest 5 228 4 
3. Ncedleleaf Evergreen Forest 6 126 
4. NeedleleafDeciduous Forest 2 527 3 
5.孔1ixedFore st 4 65 5 
8.Herbaceous, single layer 14 2,906 10 
9.Herbaceous Vegetation with Sparse Tree/ Shrub 2 25 10 
IO.Sparse Herbaceous I Shrub 2 24 16 
1. Cropland 6 113 12 
14. Wetland 2 35 1 
16. Bare Areas 2 18 16 
17. Urban 154 13 
104. Coconut 22 
120. Rice, paddy 3 102 12 
201. Pasture 382 10 
202. Mixed fields of com & bean 22 1 
203. Mixed fields of rice & com 16 1 
4.3. Ground truth and S羽＇IR> NIR month-counts 
In the Fig.3, average month counts and standard deviation on the GT sites are shown. The land cover 
classification code on the abscissa in Fig.3 corresponds to the code in the left column of table 1. 
CJ) 12 
+-' 
C 
::, 
g 9 
.s:ニ
+-' 
C 
皇 6 
Q) 
bJ) 
芝 3 
Q) 
〉
< 
0 
一 一rT・ 一一一
F『 ーー ・辛日ち，－. ~’- C:、J C勺
.- NM 寸 LO CO Olとこ .:; よLニニ：－ NOOO 
- C、d r、」 c、J
Code of land cover item 
Fig.3. Month counts and land cover item 
In the Fig.3, average month counts for code 10 (Sparse Herbaceous/ Shrub) and code 16 (Bare Areas) are 
larger than those of any other codes. It is easy to separate codes 10 and 16合omother codes, but code 10 has 
the possibility to be confused with code 8 (Herbaceous, single layer). According to FAO’s LCCS, land is 
bisected into primary vegetated and primaηf non vegetated classes. When vegetative cover is at least 4 % for at 
least two months of the year, the land is classified into the former, and when vegetative cover is less than 4 % for 
more than 10 months of the year, the land is classified into the latter (FAO, 2000). Here, it is assumed that 
when the month count is 10, the pixel is classified as Sparse Herbaceous / Shrubラandwhen it is 1 or 12, the 
pixel is classified as Bare Areas. 
As shown in Fig. 3, land covers correspond to denser vegetative cover than codes 10 and 16 seem to be 
adequate to use NDVI for land cover mapping, because NDVI is a sensitive index for vegetation. To classify 
land cover, it is thought that when the land is non-or sparsely vegetative such as codes 10 and 16, the SWIR > 
NIR month-count condition is applied, and when the land is vegetative such as the other items, monthly NDVI 
data is applied. Land cover in Fig.4 was classified as follows. First, supervised classification with the GT sites 
was performed on monthly NDVI changes data, based on the maximum likelihood method. Next, when SWIR 
> NIR month-count condition is I 0,the pixel was rewrote as Sparse Herbaceous / S防ub,and when it is 1 or 12, 
the pixel is rewrote as Bare Areas. Confusion matrix of the Fig.4 is shown in the table 2. Comparing the table 
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2 with the confusion matrix in case of only using monthly NDVI data, the result was not necessary better. 
Details will be reported in Sato and Tateishi (in press). 
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Fig.4. Land cover map using NDVI and SWIR > NIR month-count conditions 
Table 2. Confusion matrix of the fig.4 
】
Code Result Grid Correct 
2 3 4 5 8 9 10 1 14 16 17 120 201 202 203 counts ratio% 
GT 105 。。。。。。。。。。。。。。。105 100.0 
2 。226 。。2 。。。。。。。。。。。228 99.1 
3 。。126 。。。。。。。。。。。。。126 100.0 
4 。。3 524 。。。。。。。。。。。。527 99.4 
5 。7 。。58 。。。。。。。。。。。65 89.2 
8 。。。14 。2798 。56 。。38 。。。。。2906 96.3 
9 。。。。。。25 。。。。。。。。。25 100.0 
10 。。。。。。。24 。。。。。。。。24 100.。
1 。。。0 。4 。。109 。。。。。。。113 96.5 
14 。。0 。。。。。。35 。。。。。。35 100.0 
16 。。日 0 。。。。。。18 。。。。。 18 100.0 
17 。。。。。。。。。。。154 。。。。154 100.0 
120 。。。。。。。。。。。。102 。。。102 100.0 
201 。。。。。。。。。。。。。382 。。382 100.0 
202 。。。。。。。。。。。。。。22 。22 100.0 
203 。。。。。。。。。。。。。。。16 16 100.0 
5. Conclusion 
In this study example of land cover mapping using NDVI and reflectance of SWIR and NIR bands was 
shown. It is the subject how SWIR>NIR month-count condition should be used with monthly NDVI change 
data. In this study, distribution of SWIR > NIR condition in each month is not considered. There is left to 
study this distribution for the land cover mapping. 
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